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1 ~lr>^ A devig e-~£er-n3eT5ecting a specific materic 


it 

2 may be present in an ensemble of objects comprisin^^trt^ans to 

3 expose an area of the ensemble to x-ray energies to produce 

4 dual energy image information of the^ens^mble and means to 

5 computer-process such dual ejier^y information to detect said 

6 specific material on^jfeh^oasis of comparisons of selected 

7 subareasof^sadd^exposed area to other subareas in the 

8 ^vit5inity--ef--said selected subalreaS.— 


2. A device^or—detectinq- 


Rb-^bha^-mcL y be 


1 

2 present in a container of objects comprising means to expose 

3 an area of the container to x-ray /energies to produce dual 

4 energy image information of the jcontainer and its contents 

5 and means to computer-process such dual energy information 

6 to detect said bomb on the baaiis of comparisons of selected 

7 subareas of said exposed area to other subareas in the 

8 vicinity of said selected subareas. 


1 3. A device for detecting a specific material that 

2 may be present in anVeWemble of objects comprising means to 

3 expose an area of the vensemble to x-rays of at least two 

4 substantially different^ energy bands to produce dual energy 

5 image information of/ the\ ensemble and means to computer- 

6 process such dual energy information to detect said specific 

7 material on the ba^sis of comparisons between attenuation 

8 image information from at least one of said energy bands and 

9 positionally corresponding image information of parameter P 

10 values derived/from correlations of said dual energy image 

11 information with values in a predetermined lookup table 

12 reflecting attenuation at high and low energy bands over a 

13 range of thicknesses of a selected specific material and a 

14 range of thicknesses of a representative overlay material, 

15 with attenuation of a constant thickness of said overlay 
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16 material and varying thicknesses of said specific material 

17 represented by said parameter P. / 

1 4. The device of claim 3 wherein the means to 

2 computer-process includes means for evaluating gradients of 

3 values in at least one of the images. 

1 5. The device of claim 4 ywherein the means to 

2 computer-process includes means for evaluating gradients of 

3 values in both said attenuation /image and said image of P 

4 values, / 

1 6. The device of claim 4 having means for selecting 

2 the regions of said attenuat/ioh image information for said 

3 comparisons on the basis off the steepness of gradients of 

4 attenuation values in saidT attenuatiop- image. 

1 7. The device o¥ claim 4, 5 or 6 wherein said means 

2 for selecting employs an edge finding operator. 

1 8. The device/of claim 6 including means for 

2 generating gradient values H g for substantially all subareas 

3 and means for pruning to remove subareas with H g values 

4 below a selected threshold, and means for thereafter 

5 performing said comparisons using the remaining H g values. 

1 9. A device for detecting and indicating the 

2 probable presence of a specific material in an ensemble of 

3 objects, comprising 

4 means for exposing said item to x-rays of at least 

5 two substantially different energy levels, 
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6 means for generating for each subarea Aver the 

7 exposed area a set of data values representing logarithms of 

8 x-ray attenuation at said subarea at each of said energy 

9 levels, / 

10 means for processing said data for said subarea to 

11 compute the values of (H,L) for said subarea, wherein H is 

12 the logarithm of the attenuation of said x-rays at said 

13 subarea at the higher energy level >and L is the logarithm of 

14 the attenuation of said x-rays at /said subarea at the lower 

15 energy level, and / 

16 means for applying an ejage finding or gradient 

17 evaluating operator such as a/sobel operator to image data 

18 of at least one energy level/ 

19 means for generating gradient values H g for 

20 substantially all subarea^x^/^ 

21 means for prunina^to remove subareas with gradient 

22 values H g below a selected gradient threshold, 

23 means for dete/mining for remaining subareas with 

24 gradient values H s above said selected gradient threshold 

25 parameter P values i/sing a lookup table in computer storage 

26 reflecting x-ray attenuation at high and low energy bands 

27 over a range of thicknesses of said selected specific 

28 material and a range of thicknesses of a representative 

29 overlay material, with attenuation of a constant thickness 

30 of said overlay material and varying thicknesses of said 

31 specific material represented by said parameter P, 

32 means' for applying said gradient evaluating operator 

33 to P image data formed using said parameter P values for 

34 said remaining subareas, 

35 means for generating gradient values P g for said 

36 remaining subareas, 
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37 means for calculating a ratio H S AP S for said 

38 remaining subareas, / / 

39 means for raising said ratio to/ a power at least as 

40 large as unity to emphasize large values of said ratio, and 

41 means for storing said ratio /H s /P g raised to said 

42 . power for substantially all of sai<y remaining subareas. 

1 10. The device of claim 4 further comprising 

2 means for selecting an a^arm threshold on said ratio 

3 H s /P s raised to said power so that subareas having said 

4 ratio H s /P s raised to said power above said alarm threshold 

5 are strongly indicative of presence of said specific 

6 material, / 

7 means for applying a dilation algorithm using said H 

8 values and said L values for said image data, 

9 means for sounding an alarm if a certain number of 

10 subarea values are aboyl/ said^alarm threshold, 

11 means for applying an erosion algorithm to eliminate 

12 spurious noise in saidY image data, and 

13 means for displaying said image data with areas of 

14 particular interest highlighted. 

1 11. A device for detecting and indicating the 

2 probable presence of a specific material in an ensemble of 

3 objects, comprising 

4 means for/ exposing said item to x-rays of at least 

5 two substantially different energy levels, 

6 means for generating for each subarea over the 

7 exposed area a /set of data values representing logarithms of 

8 x-ray attenuatyion at said subarea at each of said energy 

9 levels, / 

10 means/ for filtering said data for said subarea, 


11 means for averaging said data for sayl subarea, 

12 means for processing said data for s4id subarea to 

13 compute the values of (H,L) for said test /subarea, wherein H 

14 is the logarithm of the attenuation of Syaid x-rays at said 

15 subarea at the higher energy level and JL is the logarithm of 

16 the attenuation of said x-rays at sai<a subarea at the lower 

17 energy level, and / 

18 means for applying an edge finding or gradient 

19 evaluating operator such as a Sobe/l operator to image data 

20 of at least one energy level, / 

21 means for generating gradient values H s for 

22 substantially all subareas, / 

23 means for pruning to remove subareas with gradient 

24 values H g below a selected gradient threshold, 

25 means for determini/rig for remaining subareas with 
2 6 gradient values H g abov^steid selected gradient threshold 

27 parameter P values usiiWxa lookup table in computer storage 

28 reflecting x-ray attenuation at high and low energy bands 

29 oyer a range of thicknesses of said selected specific 

30 material and a range /of thicknesses of a representative 

31 overlay material, with attenuation of a constant thickness 

32 of said overlay material and varying thicknesses of said 

33 specific material /represented by said parameter P, 

34 means for/ applying said gradient evaluating operator 

35 to P image data /formed using said parameter P values for 

36 said remaining /subareas, 

37 means for generating gradient values P g for said 

38 remaining subareas, ^ 

39 means for calculating a ratio H s /P s for said 

40 remaining ^ubareas, 

41 means for raising said ratio to a power at least as 

42 large as /unity to emphasize large values of said ratio, 
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4 3 means for storing said ratio H s /P s raisec^ to said 

44 power for substantially all of said remaining ^ubareas, 

45 means for selecting an alarm threshold on said ratio 

46 H s / p s ra i sed to said power so that subareas/having said 

47 ratio H s /P s raised to said power above said alarm threshold 

48 are strongly indicative of presence of s4id specific 

49 material, / 

50 means for applying a dilation/algorithm using said H 

51 values and said L values for said ixjaage data, 

52 means for sounding an alarni if a certain number of 

53 subarea values are above said alarm threshold, 

54 means for applying an erosion algorithm to eliminate 

55 spurious noise in said image data, and 

56 means for displayingysaid image data with areas of 

57 particular interest high/i^ted.^^^ 

1 12, A device f ©^/inspecting an ensemble of physical 

2 objects comprising mean^ to expose an area of said ensemble 

3 to x-rays of at least yfcwo substantially different energy 

4 bands, detection means responsive to said x-rays passing 

5 through said ensemble to generate for subareas over said 

6 area respective sets of values representing the attenuation 

7 of said x-rays at /each of said energy bands, comparison 

8 means operative on differences in attenuation between 

9 subareas in a neighborhood to determine the presence of a 

10 specific material in the neighborhood, and indicating means 

11 responsive to/ said comparisons for indicating presence of 

12 said specific material in said ensemble. 

1 13/ The device of claim 12 wherein said comparison 

2 means incrludes a lookup table reflecting attenuation at high 

3 and low /energy bands over a range of thicknesses of a 
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4 selected specific material and a range of thicknesses of a 

5 representative overlay material, with attenuation/of a 

6 constant thickness of said overlay material and /varying 

7 thicknesses of said specific material represented by a 

8 parameter P. / 

1 14. The device of claim 13 including means to 

2 reference actual attenuation measurements of subareas at an 

3 energy band with parameter P values for said subareas, and 

4 using said determination in determining the presence of said 

5 specific material. / 

1 15. The device of claim A.2 wherein said comparison 

2 means include means to combine ,/ according to a predetermined 

3 formula, values representing trie attenuation of said x-rays 

4 for subareas in said neighborhood to provide an attenuation 

5 measure and means to compame said ^jit^asure to a reference 

6 related to said specif ic Aria tWar^l . 

1 16. The device >of claim 12 wherein said values 

2 generated representing/the attenuation of said x-rays at 

3 said energy bands are/ logarithms of x-ray attenuation at 

4 each of said energy bands at each subarea. 

1 17. The device of claim 12 wherein said comparison 

2 means comprises mfeans for computing for a selected test 

3 subarea of said /area the values (H^L^,) wherein H T is the 

4 logarithm of the attenuation of said x-rays at said higher 

5 energy band at said test subarea and 1^ is the logarithm of 

6 the attenuation of said x-rays at said lower energy band at 

7 said test subarea, means for computing for a subarea nearby 

8 said test /subarea the values ( H_ , L B ) wherein H B is the 


/ 


9 logarithm of the attenuation of said x-rays at said higher 

10 energy band at said nearby subarea and L B is/ the logarithm 

11 of the attenuation of said x-rays at said lower energy band 

12 at said nearby subarea, said comparison means constructed to 

13 employ said values (H^I^) and ( H R , L fl ) inr determining the 

14 presence of said specific material. 

1 18. The device of claim 17 f&rther comprising means 

2 for providing p-values P representing attenuation 

3 characteristics of various overlying materials, means for 

4 associating a p-value P T with said values (H T , L^,) wherein 

5 said p-value P T is proportional k.o the thickness of 

6 overlying materials at said te£t subarea, means for 

7 associating a p-value P B witfysaid values (Hg,!^) wherein 

8 said p-value P B is proportional to the thickness of 

9 overlying materials at /said' fiearby subarea, means for 

10 computing the value off Uy T -Hw) / ( p t " p b^ I \ AH / AP and means 

11 for associating AH/AP wi/th a rotative probability measure 

12 for the presence of sai/1 specific material at respective 

13 subareas. 

1 19. The device of claim 18 wherein the relative 

2 probability measurer is proportional to (AH/AP) q , wherein q 

3 is a value chosen/to emphasize extrema of the value of 

4 AH/AP. 

1 20. The' device of claim 19 wherein q=2. 


1 21. The device of claim 18 wherein said means for 

2 associating/a p-value P with said values (H,L) involves 

3 identifying said values with respective points from a set of 

4 points previously generated by numerically varying 
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5 thicknesses of said specific material and said overlying 

6 materials. / 

1 22. The device of claim 17 wherein /aid comparison 

2 means comprises means for computing the value of 

3 (lip-Hg) / (Lj-I^) - and means for comparing said value of 

4 with the value of K MAT wherein is an attenuation 

5 characteristic of said specific material. 

1 23. The device of claim 22/ wherein is a stored 

2 value developed by prior measurements. 

1 24. The device of claim 22 wherein 

2 k mat " ^h/^l where i n M H is t)M^ attenuation coefficient of 

3 said specific material exposed to said higher energy band 

4 x-rays and ^ is the alternation coefficient of said 

5 specific material expose^ to said^kSwer energy band x-rays. 

1 25. The device of claim 12 further comprising means 

2 for exposing selecte<a numbers of samples of various known 

3 materials each of a/range of different thicknesses to said 

4 x-rays of said different energy bands to measure the 

.5 attenuation characteristic of the exposed samples to provide 

6 a reference for /said comparison means. 

1 26. The device of claim 25 including calculation 

2 means for interpolating between said measured values to 

3 estimate intermediate values for use in making said 

4 comparison/ 

1 257. The device as in any of claims 3-26 further 

2 comprising means for assigning to subareas over said exposed 
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3 area of the object relative probabilities for thje presence 

4 of said specific material based upon said comparisons, said 

5 indicating means being responsive to said reLative 

6 probability assignments for indicating presence of said 

7 specific material in said object. / 

1 28. A baggage inspection device for detecting and 

2 indicating the probable presence of af specific material in 

3 an item of baggage comprising means/to expose an area of 

4 said item to x-rays of at least two substantially different 

5 energy bands, detection means responsive to said x-rays 

6 passing through said item to generate for subareas over said 

7 area respective sets of value^ representing the attenuation 

8 of said x-rays at each of s^id energy bands, comparison 

9 means operative on diffez'emces in attepuation between 

10 subareas in a neighbortfooa to deteprtfine the presence of a 

11 specific material in th/ neighborhood of said subareas, and 

12 indicating means responsive to said comparisons for 

13 indicating presence of said specific material in said item, 

14 said comparison mearis comprising means for computing for a 

15 selected test subarea of said area the values (H^I^) 

16 wherein H T is the/ logarithm of the attenuation of said 

17 x-rays at said liigher energy band at said test subarea and 

18 is the logarithm of the attenuation of said x-rays at 

19 said lower energy band at said test subarea, means for 

20 computing for a subarea nearby said test subarea the values 

21 (Hg,!^) wherein H B is the logarithm of the attenuation of 

22 said x-rays at said higher energy band at said nearby 

23 subarea and Lg is the logarithm of the attenuation of said 

24 x-rays at said lower energy band at said nearby subarea, 

25 said comparison means constructed to employ said values 
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26 (H^I^) and (H^Lg) in determining the presence/of said 

27 specific material. 
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29. The device of claim 28 whereipf said comparison 
means comprises 

means for providing p-values P representing 
attenuation characteristics of various/overlying materials, 

means for associating a p-val\/e P T with said values 
(1^,1^) wherein said p-value P T is proportional to the 
thickness of overlying materials at said test subarea, means 
for associating a p-value P B with/said values (H^Lg) 
wherein said p-value P B is proportional to the thickness of 
overlying materials at said nearby subarea, means for 
computing the value of | (H T -H^)/ (P T -P B ) | = AH/AP and means 


for associating AH/AP wit>i/q relative probability measure 


for the presence of said/ 
subareas. 



Desif ic 


xal at respective 


1 30. The device/of claim 13, 14, 18 or 29, including 

2 means for examining said subareas, 

3 means responsive thereto for producing values for 

4 each subarea indicative of the relative probability of 

5 matching said specific material, 

6 means for/ displaying subareas over said area, and 

7 means for highlighting those subareas having a 

8 probability greater than or equal to a selected threshold 

9 value of matching said specific material. 


1 31./ The device of claim 28 wherein said comparison 

2 means comprises means for computing the value of 

3 (H T -H B ) / (Lp-L^) = K TB and means for comparing said value of 
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4 with the value of wherein K^j is an attenuation 

5 characteristic of said specific material. / 

1 32. The device of claim 17 or 28/ wherein K MAT = 

2 /i H (H T , L^, H Q , Lg) / iMj^ L^/ H Q# Lg) wherein u£ is an attenuation 

3 coefficient of said specific material ^exposed to said higher 

4 energy x-rays, comprising a function >of the logarithms of 

5 the attenuation of said x-rays at said test subarea and at 

6 said nearby subarea, wherein /i L is An attenuation 

7 coefficient of said specific matei/ial exposed to said lower 

8 energy x-rays, comprising a function of said logarithms of 

9 the attentuation of said x-ra^sYat said test subarea and at 
10 said nearby subarea. / / 

1 33. The device or claim >2^jjisAutling 

2 means for ascertaining whether said value of 1^ is 

3 within a selected windovMof values of K MAT , 

4 means for incrementing a respective counter if said 

5 value of is within jsaid window, 

6 means for examining said subarea counters and 

7 producing values for /each subarea indicative of the relative 

8 probability of matcning said specific material, 

9 means for displaying subareas over said area, and 

10 means for ^highlighting those subareas having a 

11 probability greater than or equal to a selected threshold 

12 value of matching said specific material. 

1 34. Ttte device of claim 1, 2, 3 or 12 wherein said 

2 means to expose said area further comprises an x-ray source, 

3 means for generating from said source x-rays of at least two 

4 substantially different energy bands, means for collimating 




5 a fan beam of said x-rays, and means for conveying said 

6 object to intercept said fan beam of said x-i^ys. 

1 35. The device of claim 12, whereiri said indicating 

2 means is a visual display of an x-ray imafge, and said 

3 indication being of the form of distinguished subareas at 

4 which the specific material is probably present. 


1 36. The device of claim 1, 

2 said specific material is a threal 


, 3, 12 or 28, wherein 
ening substance. 


1 37. The device of claim/36, wherein said threatening 

2 substance is an explosive. 

1 38. The device of p^im 1, 2, 3, 12 or 28, wherein 

2 said specific material yk hx\ illicit drug substance. 

1 39. The devic^f qj£ claim— ±^ 3 or 12, wherein said 

2 ensemble comprises coto£onents of a stream of matter. 

1 40. The device of claim 39, wherein said stream is 

2 comprised of rocks /and other materials, and said specific. 

3 material is a mineral of value. 

1 41. The ytievice of claim 39, wherein said stream is 

2 shredded plast/c refuse, and said specific material is a 

3 particular fofm of plastic. 


1 42. /The device of claim 41, wherein said particular 

2 form of plastic comprises halogenated hydrocarbon plastic to 

3 be separated from other plastic refuse. 


V 


/ 
/ 


/ 


1 43. The device of claim 1, 3 or 12, whe/ein said 

2 ensemble comprises foodstuffs. 

1 44. The device of claim 43, wherein/said foodstuffs 

2 are meat, and wherein said specific material is bone. 

1 45. The device of claim 43, whejrein said specific 

2 material is inorganic. 

1 46. The device of claim 1 or/ 2 further comprising 

2 means for locating edges in the exposed area where one 

3 material overlaps another, means yror choosing subareas in 

4 close proximity to said edges tc/ be said selected subareas, 

5 and means for assigning to saiel selected subareas a relative 

6 probability for the presence ^of said specific materials at 

7 said subareas based upon sayd comparisons with other 

8 subareas in the vicinity t/fvfo indicating means responsive to 

9 said relative probability 

1 47. The device off claim 12 further comprising means 

2 for locating edges in the exposed area where one material 

3 overlaps another, means for choosing subareas in close 

4 proximity to said edges to be said selected subareas, and 

5 means for assigning/ to said selected subareas a relative 

6 probability for the presence of said specific materials at 

7 said subareas bashed upon comparisons with other subareas in 

8 the neighborhood^ said indicating means being responsive to 

9 said relative probability assignment. 


1 48. The device of claim 1, 2, 12, 46 or 47 further 

2 comprising m^ans for dilating indications of subareas over 

3 regions whose edges have been determined to indicate the 

4 presence oif said specific material, wherein said dilation 
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6 
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makes said regions more prominently noticeable to an 
operator of said device, and wherein said dilation enhances 
indication of presence of said specific material • 


1 49. A method of detecting a specific material that 

2 may be present in an ensemble of objeats comprising exposing 

3 an area of the ensemble to x-ray energies to produce dual 

4 energy image information of the exposed ensemble and 

5 computer-processing such dual energy information to detect 

6 said specific material on the basyls of comparisons of 

7 selected subareas of said exposed area to other subareas in 

8 the vicinity of said selected subareas. 


1 50. A method of det«6ting a bomb that may be 

2 present in a container of /objects comprising exposing an 

3 area of the container to/x-Vray energie^€o produce dual 

4 energy image information at trv^_j^xpt5sed container and 

5 computer-processing sucnydual energy information to detect 

6 said bomb on the basis of comparisons of selected subareas 

7 of said exposed area t</ other subareas in the vicinity of 

8 said selected subareas 


1 "51. A method /of baggage inspection for detecting and 

2 indicating the probable presence of a specific material in 

3 an item of baggage^ comprising the steps of 

4 exposing said item to x-rays of at least two 

5 substantially different energy levels, 

6 generatimg for each subarea over the exposed area a 

7 set of data values representing logarithms of x-ray 

8 attenuation at said subarea at each of said energy levels, 

9 choosing a test subarea, 

10 filtering said data for said test subarea, 

11 averaging said data for said test subarea, 
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12 processing said data for said test subarea to 

13 compute the values of (H^I^) for said tests subarea, wherein 

14 H T is the logarithm of the attenuation of/ said x-rays at 

15 said test subarea at the higher energy level and 1^ is the 

16 logarithm of the attenuation of said x/rays at said test 

17 subarea at the lower energy level, and 


18 choosing a background subarea, 

19 filtering said data for said background subarea, 

20 averaging said data for saad background subarea, 

21 processing said data for /said background subarea to 


22 compute the values of (H B ,L B ) for said background subarea, 

23 wherein H B is the logarithm oy the attenuation of said 

24 x-rays at said background supkrea at the higher energy level 

25 and Lg is the logarithm of/the attenuatipnTof said x-rays at 

26 said background subarea &tf ytn^l^wep^€nergy level, and 

27 computing the va|ie of K TB = (H T -H B ) / (I^-I^) , and 

28 comparing said value of K TB to the value of Kj^, 

29 wherein = ^(H^L^/h^I^) / tx h (U r ,h T ,E B ,h B ) wherein /x H , an 

30 attenuation coefficient of a specific material exposed to 

31 said higher energy x-rays, is a function of the logarithms 

32 of the attenuation of said x-rays at said test subarea and 

33 at said background /subarea, wherein /Lt L , an attenuation 

34 coefficient of said specific material exposed to said lower 

35 energy x-rays, is a function of the logarithms of the 

36 attenuation of said- x-rays at said test subarea and at said 

37 background subarea, and 


38 ascertaining whether said value of K^ B is within a 

39 selected window of values of K^^,, incrementing a respective 

40 counter if said value of K TB is within said window, 

41 choosing another background subarea, and 

42 iterating the steps from filtering said data for 

43 said background subarea to choosing another background 
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44 subarea until a substantial number of background subareas 

45 have been so examined, and / 

46 choosing another test subarea, and/ 

47 iterating the steps from filtering said data for 

48 said test subarea to choosing another test subarea until 

49 substantially all subareas have been so tested, and 

50 examining said subarea counters, 

51 producing values for each subarea indicative of the 

52 relative probability of matching ysaid specific material, and 

53 displaying subareas over' said area, and 

54 highlighting those subareas having a probability 

55 greater than or equal to a selected/ threshold value of 

56 matching said specific n^erial. / 

1 52. A method or /baggage inspection for detecting 

2 and indicating the probable presence of a specific material 

3 in an item of baggage, /comprising the steps of 

4 exposing said /item to x-rays of at least two 

5 substantially different energy levels, 

6 generating f>or each subarea over the exposed area a 

7 set of data values /representing logarithms of x-ray 

8 attenuation at said subarea at each of said energy levels, 

9 choosing a/ test subarea, 

10 filtering /said data for said test subarea, 

11 averaging said data for said test subarea, 

12 processing said data for said test subarea to 


13 compute the values of (H T , L^,) for said test subarea, wherein 

14 is the logarithm of the attenuation of said x-rays at 

15 said test subarea at the higher energy level and 1^ is the 

16 logarithm of the attenuation of said x-rays at said test 

17 subarea at the lower energy level, and 

18 choosing a background subarea, 


19 filtering said data for said background ssubarea, 

20 averaging said data for said background/subarea, 

21 processing said data for said background subarea to 

22 compute the values of (H B ,L B ) for said backg/ound subarea, 

23 wherein H B is the logarithm of the attenuation of said x- 

24 rays at said background subarea at the higher energy level 

25 and Lg is the logarithm of the attenuation of said x-rays at 

26 said background subarea at the lower enfergy level, and 

27 providing p-values P representing attenuation 

28 characteristics of various overlying/materials, 

29 associating a p-value P T wifcri said values (H T , I^) 

30 wherein said p-value P T is proportional to the thickness of 

31 overlying materials at said test Z^ubarea, 

32 associating a p-value P^/with said^values (Hg,!^) 

33 wherein said p-value P R is pi^/<\rtion^ro the thickness of 

34 overlying materials at said nearby subarea, 

35 computing the value c/f | (H T -H B ) / (P T -P B ) | = AH/AP, 

36 associating AH/AP With a relative probability 

37 measure for the presence ox said specific material at 

38 respective subareas, / 

39 storing said probability measure, 

40 choosing another background subarea, and 

41 iterating the steps from filtering said data for 

42 said background subai/ea to choosing another background 

43 subarea until a substantial number of background subareas 

44 have been so examined, and 

45 choosing another test subarea, and 

46 iterating/ the steps from filtering said data for 

47 said test subarea to choosing another test subarea until 

48 substantially all subareas have been so tested, and 

49 examining said subarea probability measure stores, 


50 producing values for each subarea indicative of the 

51 relative probability of matching said specific material, and 

52 displaying subareas over said area, /and 

53 highlighting those subareas having /a probability 

54 greater than or equal to a selected threshold value of 

55 matching said specific material. / 

1 53. A method of detecting a specific material that 

2 may be present in an ensemble of objects comprising the 

3 steps of / 

4 exposing an area of the ensemble to x-rays of at 

5 least two substantially different/energy bands to produce 

6 dual energy image information of /the ensemble, and 

7 computer-processing sucJhs dual energy information to 

8 detect said specific material Mx\ the basis ^^comparisons 

9 between attenuation image Anamination frpm at least one of 

10 said energy bands and posi^onall^^cff^esponding image 

11 information of parameter y values derived from correlations 

12 of said dual energy image information with values in a 

13 predetermined lookup table reflecting attenuation at high 

14 and low energy bands over a range of thicknesses of a 

15 selected specific material and a range of thicknesses of a 

16 representative overlay /material, with attenuation of a 

17 constant thickness of /said overlay material and varying 

18 thicknesses of said specific material represented by said 

19 parameter P. / 

1 54. A method of detecting and indicating the 

2 probable presence/ of a specific material in an ensemble of 

3 objects, comprising the steps of 

4 exposing said item to x-rays of at least two 

5 substantially different energy levels, 


VI 

6 generating for each subarea over the exposed area a 

7 set of data values representing logarithm^ of x-ray 

8 attenuation at said subarea at each of s^id energy levels, 

9 filtering said data for said suparea, 

10 v averaging said data for said subarea, 

11 processing said data for saica subarea to compute the 


12 values of (H,L) for said test subairea, wherein H is the 

13 logarithm of the attenuation of s^aid x-rays at said subarea 

14 at the higher energy level and u is the logarithm of the 

15 attenuation of said x-rays at paid subarea at the lower 

16 energy level, and / 


17 applying an edge finding or gradient evaluating 

18 operator such as a SobgJL operator to image data of at least 

19 one energy level, / / 

20 generating ^gradient values H g for substantially all 

21 subareas, / /7 

22 pruning tp r&Ri&vB subareas with gradient values H c 

23 below a selected gradient thresh6ld, 

24 determining for rfemarfning subareas with gradient 


25 values H s above said selected gradient threshold parameter P 

26 values using a ^.ookup table in computer storage reflecting 

27 x-ray attenuataon at high and low energy bands over a range 

28 of thicknesses of said selected specific material and a 

29 range of thicknesses of a representative overlay material, 

30 with attenuation of a constant thickness of said overlay 

31 material ^and varying thicknesses of said specific material 

32 represented by said parameter P, 


33 /applying said gradient evaluating operator to P 

34 image nata formed using said parameter P values for said 

35 remaining subareas, 

36 / generating gradient values P s for said remaining 

37 subareas, 


/ 

38 calculating a ratio H s /P s for sai^ remaining 

39 subareas, / 

40 raising said ratio to a power art least as large as 

41 unity to emphasize large values of said ratio, 

42 storing said ratio H s /P s raiaed to said power for 

43 substantially all of said remaining/ subareas, 

44 selecting an alarm threshol/d on said ratio H s /P g 

45 raised to said power so that subareas having said ratio 

46 H S 7P S raised to said power above /said alarm threshold are 

47 strongly indicative of presence/of said specific material, 

48 applying a dilation algorithm using said H values 

49 and said L values for said image data, 

50 sounding an alarm if /a certain number of subarea 

51 values are above said alarm/ threshold, 

52 applying an erosion algorithm to eliminate spurious 

53 noise in said image data,/ and 

54 displaying said innage data with areas of particular 

55 interest highlighted. / 

1 55. The method as in any of claims 49-54 further 

2 comprising employing /computed tomographic information to 

3 detect said specific material that may be present in 

4 subareas indicated /by said computer-processed dual energy 

5 information as bewig probable subareas for the presence of 

6 said specific materials. 

1 56. Foy use in detecting a specific material that 

2 may be present/in an area being exposed to x-ray energies, a 

3 lookup table in computer storage reflecting x-ray 

4 attenuation at high and low energy bands over a range of 

5 thicknesses /of said selected specific material and a range 

6 of thicknesses of a representative overlay material, with 



